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Introduction
Map of TransCom regions. Figure S1 is a map of the 23 TransCom regions. There are
eleven predominantly land regions, and eleven predominantly water regions. Antarctica
and Greenland are not optimized. A map with full names is in Gurney et al. (2003).
Figures of XCO trends for additional case study urban areas.
Plots of XCO behavior for additional cities are included in this section. These plots
are included to aid in distinguishing behavior within a given urban area from a larger
region. These are similar to Fig. 10 in the main text. Populations listed here are from
the Global Human Settlement Urban Centre Database. For convenience we have copied
a modified version of the caption here: Trends of MOPITT XCO over a given urban
area. (a) Colored points represent monthly averages of grid cells within the urban area
as noted in (d). Gray heatmap is for monthly averages from all grid cells in full region.
(b) Solid lines are averages of urban and non-urban grid cells. Red fill indicates higher
urban XCO, and blue fill indicates higher surrounding region XCO. Percentiles of urban
grids compared with those throughout the full region are shown as dots. (c) Gridded
monthly differences correspond to the difference between solid lines in (b). Area monthly
averages are averages within shown urban boundaries compared to the average outside
of urban boundaries, but within 250 km of the center. Annual averages also shown. (d)
Median XCO values of the monthly averages. Red star marks the urban center. Purple
triangles mark grid cells that define the urban area (which may be partially obstructed
by the red star). Gray line indicates the urban boundaries. Cyan dots mark other urban
areas with a population of at least 50,000. A Lambert azimuthal equal area projection
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is used. (e) Same as (d), but showing the linear trend within each grid cell from fitting
monthly averages from 2002–2017. (f) Map of population density, gridded to 0.1◦ × 0.1◦.
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Figure S1. Map showing the different TransCom regions, labeled with their abbreviations.





















































































Figure S2. Guangzhou, China. Population: 40.6 million.
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Figure S4. Tokyo, Japan. Population: 33.0 million.
September 7, 2020, 2:39pm















(a) Mumbai (Bombay) [IND]
18°N
20°N




70°E 72°E 74°E 76°E
(e)
























































































































































Figure S6. Beijing, China. Population: 18.0 million.
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Figure S8. Moscow, Russia. Population: 14.1 million.
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Figure S10. Toronto, Canada. Population: 6.0 million.
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Figure S12. Mbuji-Mayi, Democratic Republic of the Congo. Population: 3.0 million.
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Urban trends compared with regions These plots show the trend differences between the
urban areas and the surrounding region (within 250 km). Error bars represent the 95 % confidence
interval. Along the y-axis are the names for the largest cities within the urban area, along with
the population. Figures S13–S16. Usually the trend in the urban area is not significantly different
from that of the surrounding region. For these cities the median difference is −0.04 ppb yr−1 and
the average is −0.09 ± 0.77(1σ) ppb yr−1.
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5.0 2.5 0.0 2.5 5.0 7.5 10.0 12.5
City-region ( XCO ppb yr 1)
Colombo [LKA] 4.3M




Dar es Salaam [TZA] 5.3M
Lisboa (Lisbon) [PRT] 2.0M

























Urumqi (Wulumqi) [CHN] 3.1M
Donetsk [UKR] 1.0M
Enugu [NGA] 1.0M
Al-Mawsil (Mosul) [IRQ] 1.0M
Odesa [UKR] 1.1M
Miami [USA] 5.4M
Phnum Penh (Phnom Penh) [KHM] 1.8M








Al-Iskandariyah (Alexandria) [EGY] 5.5M
Garoua [CMR] 1.1M
Praha (Prague) [CZE] 1.1M





Al-Basrah (Basra) [IRQ] 1.5M

















Wuhu, Anhui [CHN] 1.1M
Columbus, Ohio [USA] 1.1M
Aurangabad [IND] 1.5M






Chennai (Madras) [IND] 10.0M
Lima [PER] 9.3M
Erode [IND] 1.2M
Tarabulus (Tripoli) [LBY] 1.1M
San Luis Potosi [MEX] 1.1M
Toronto [CAN] 6.0M















Ciudad de Panama (Panama City) [PAN] 1.1M
Lagos [NGA] 11.6M
Qingdao [CHN] 3.6M
















Bangui [CAF]; Zongo [COD] 1.0M
Mits'Iwa [ERI] 1.0M
Muqdisho (Mogadishu) [SOM] 1.5M
Figure S13. Trend differences for urban areas 1–125.
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San Juan [PRI] 1.0M
Al-Khartum (Khartoum) [SDN] 5.8M






Pune (Poona) [IND] 6.7M









Hai Phong [VNM] 1.1M
Freetown [SLE] 1.2M
Jamshedpur [IND] 1.8M
Nizhniy Novgorod [RUS] 1.2M
Lanzhou [CHN] 2.4M
Monterrey [MEX] 4.2M
Beograd (Belgrade) [SRB] 1.1M









Bayrut (Beirut) [LBN] 2.5M
Antananarivo [MDG] 2.1M
Bangalore [IND] 10.6M






Athinai (Athens) [GRC] 3.3M





Roma (Rome) [ITA] 2.3M
Batam [IDN] 1.0M






Irbil (Erbil) [IRQ] 1.2M
Mardan [PAK] 1.0M
Angeles City [PHL] 1.1M















Warszawa (Warsaw) [POL] 1.8M
Nashik [IND] 1.8M
Dehradun [IND] 1.1M




Asuncion [PRY]; Clorinda [ARG] 2.0M
Hyderabad [PAK] 1.8M







Makassar (Ujung Pandang) [IDN] 2.2M
Cape Town [ZAF] 3.5M
Suzhou, Jiangsu [CHN] 8.6M





Dallas-Fort Worth [USA] 5.2M
Chicago [USA] 6.8M
Sawhaj [EGY] 1.0M
Rostov-na-Donu (Rostov-on-Don) [RUS] 1.1M
Al-Qahirah (Cairo) [EGY] 19.7M
Ihiala [NGA] 1.7M












Figure S14. Trend differences for urban areas 126–250.
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San Jose [CRI] 1.9M
Kochi (Cochin) [IND] 2.5M
Las Vegas [USA] 2.0M
Pretoria [ZAF] 1.5M
Hangzhou [CHN] 7.5M
Krung Thep (Bangkok) [THA] 14.7M
Dubayy (Dubai) [ARE] 4.9M
Surabaya [IDN] 8.4M





Hong Kong [CHN] 5.7M
Jiaxing [CHN] 1.0M
Changchun [CHN] 3.3M
Tel Aviv-Yafo (Tel Aviv-Jaffa) [ISR] 2.4M
Conakry [GIN] 2.5M
Rosario [ARG] 1.1M
Grande Vitoria [BRA] 1.1M
Baghdad [IRQ] 5.4M






Varanasi (Benares) [IND] 4.2M
Amsterdam [NLD] 1.1M









Makkah (Mecca) [SAU] 1.3M
Meerut [IND] 2.1M
Ranchi [IND] 1.6M








San Antonio [USA] 1.5M
Perth [AUS] 1.3M
Hiroshima [JPN] 1.2M
N'Djamena [TCD]; Kousseri [CMR] 1.8M
Farrukhabad [IND] 1.0M
San Diego [USA]; Tijuana [MEX] 4.4M
Brahman Bariya [BGD] 1.9M
Leon de los Aldamas [MEX] 1.5M
Kolkata (Calcutta) [IND] 21.6M
Tampa-St. Petersburg [USA] 2.0M
St. Louis [USA] 1.1M
Siwarhi [IND] 1.3M
Bareilly [IND] 1.5M
Changzhou, Jiangsu [CHN] 2.6M
Rio de Janeiro [BRA] 9.8M
Taizhong [TWN] 2.2M
Abomey-Calavi [BEN] 1.8M












Mumbai (Bombay) [IND] 21.8M
Frankfurt am Main [DEU] 1.0M
Kbenhavn (Copenhagen) [DNK] 1.2M
Lubumbashi [COD] 2.2M
Washington, D.C. [USA] 3.4M








La Laguna [MEX] 1.0M
Vadodara [IND] 2.1M










Nanjing, Jiangsu [CHN] 5.4M
Ouagadougou [BFA] 2.7M
Ahmadabad [IND] 6.7M
Ar-Riyadh (Riyadh) [SAU] 5.7M
Saharanpur [IND] 1.1M














Figure S15. Trend differences for urban areas 251–375.
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Taiyuan, Shanxi [CHN] 3.5M
Salvador [BRA] 3.0M
Barquisimeto [VEN] 1.0M
Fushun, Liaoning [CHN] 1.1M
Huainan [CHN] 1.0M
Xi'an, Shaanxi [CHN] 5.1M
Zhongshan [CHN] 1.1M
Shijiazhuang [CHN] 3.3M









Ciudad de Mexico (Mexico City) [MEX] 19.6M
Baixada Santista [BRA] 1.0M
Zibo [CHN] 1.6M
Lome [TGO]; Aflao [GHA] 2.1M
Dandong [CHN]; Sinuiju [PRK] 1.0M
Nanning [CHN] 2.4M
Fuzhou, Fujian [CHN] 3.0M
Mandalay [MMR] 1.8M












Benin City [NGA] 1.6M
Medellin [COL] 3.4M
Wahran (Oran) [DZA] 1.1M
Port Harcourt [NGA] 1.2M
Seoul [KOR] 21.6M
Dublin [IRL] 1.0M
Kuala Lumpur [MYS] 6.3M























Sao Paulo [BRA] 19.1M
El Djazair  (Algiers) [DZA] 3.9M




Toluca de Lerdo [MEX] 1.4M
La Paz [BOL] 1.7M
Daejon [KOR] 1.5M
Sirajganj [BGD] 1.8M












Cebu City [PHL] 2.7M









Bucuresti (Bucharest) [ROU] 1.8M
Kozhikode (Calicut) [IND] 2.2M
London [GBR] 9.6M
Baharampur [IND] 1.1M
Kyiv (Kiev) [UKR] 2.7M
Kingston [JAM] 1.0M








Napoli (Naples) [ITA] 3.2M
Milano (Milan) [ITA] 3.0M
Manila [PHL] 21.7M
Puebla [MEX] 2.1M
Comilla [BGD]; Sonamura [IND] 6.2M
Ponnani [IND] 1.6M
Figure S16. Trend differences for urban areas 376–500.
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